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Abstract 
The Department of Science and Technology of South Africa developed the National Hydrogen and Fuel Cells 
Technologies (HFCT) Research, Development and Innovation Strategy. The National Strategy was branded 
Hydrogen South Africa (HySA). HySA has been established consisting of three Competency Centres - HySA 
Infrastructure, HySA Catalyst and HySA Systems. The scope of the Hydrogen Infrastructure Competency Centre 
(HySA Infrastructure CC) is to develop applications and solutions for small- and medium-scale hydrogen production 
through innovative research and development to promote beneficiation of Platinum-Group Metals (PGM). The aim of 
this paper is to present an overview of the HySA Infrastructure CC.  
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1. Introduction 
1.1. Strategic drivers for investment in hydrogen production and applications in RSA 
The primary focus for the establishment of the RSA HFCT strategy is the beneficiation of natural 
resources, as articulated by the RSA Precious Metals Bill of 2005 [1]. Other drivers include the 
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environment, energy security, market opportunities and human capital development. Competitive 
advantages that South Africa could leverage to commence a focused research and innovation effort in 
Hydrogen and Fuel Cells Technologies (HFCT), include its PGM resources, large coal reserves, 
abundance of solar energy and a conducive policy environment promoting natural resources beneficiation 
and manufacturing initiatives. The Strategy envisages an eventual deliverable target whereby South Africa 
supplies some 25% of the global demand for fuel cell catalysts by 2020 and in so doing creatively 
leverages the value of its estimated 80% store of global PGM reserves. The country accounts for 
approximately 80% of the world's total annual platinum production and contains an estimated 88% of the 
world's platinum reserves [2-6].  
South Africa has an energy-intensive economy and with the current primary energy produced mainly 
from coal [7-10]. Coal supplies approximately 75% of South Africa’s primary energy and approximately 
90% of its electricity requirements. Annually approximately 285 million tons is mined from 73 mines and 
19 coal-fields. Domestic consumption of coal amounts to approximately 171 tones (approximately 100 mt 
for electricity and ~ 70 mt for synfuels). With approximately one third of fuel produced via the Fischer-
Tropsch coal-to-liquid process and the rest using imported oil, South Africa has a relatively large CO2
footprint; the RSA per capita CO2 footprint is among the twelfth highest in the world. For example, 
SASOL and Eskom combined produced more than 240,041,000 t/a of CO2 in 2008. Annual emissions of 
SO2 were reported to be in the range of 2,131,576 tons in 2010 as a result of combined mining and coal-
related operations. Since energy is the life line of any (modern) economy, the technology associated with 
the production of energy and energy carriers poses vast market opportunities in terms of resources, 
resource beneficiation and participation in a global knowledge economy.   
In terms of market, the outcomes of this strategy will additionally benefit South Africa in a number of 
ways: 
• Increased economic growth. 
• An improved skills base for South Africa. 
• Positioning South Africa to contribute significantly to the solution of the global climatic challenge. 
• Prevention of the possible future carbon-related penalties placed on its exports. 
In the Ten-Year Innovation Plan for South Africa [5], published by the DST and approved by 
Government in 2008, a number of Grand Challenges were identified for South Africa, including the 
achievement of a 25% share of the global hydrogen infrastructure and fuel cell market with novel PGM 
catalysts and the pilot-scale demonstration, of the production of hydrogen by water splitting, using solar 
power as the primary heat source, as well as small-scale hydrogen production through renewable energy 
sources such as wind and solar energy using Photo-Voltaics.  
The National Hydrogen and Fuel Cell Technologies R&D and Innovation Strategy [6] sets a number of 
goals for the strategy: 
• Establishing a base for Hydrogen production, storage technologies and processes; 
• Establishing a base for developing catalysts based on PGM resources; and 
• Building on existing global knowledge to develop know-how to leap-frog existing fuel cell 
technologies for niche applications to address regional developmental challenges. 
More specifically, HySA strategic goals include: (1) the development of local cost competitive 
hydrogen generation solution based on renewable recourses, (2) the provision of wealth creation through 
value added manufacturing of PGM catalysis (supply 25% of PGM catalyst demand by 2020), (3) the 
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promotion of equity and inclusion in the economic benefits of South Africa’s recourses with SME playing 
an important role.  
In an effort to increase the scale of research, development and innovation while bringing together 
complementary expertise towards achieving the goals of the national strategy, DST established three 
Centers of Competency (CC) in the three main focus areas: Hydrogen Catalysis CC, Hydrogen 
Infrastructure CC, and Hydrogen Systems CC.  
Each Centre has a unique responsibility, but all with the common convergent vision of fostering 
proactive innovation and developing the human resources required to undertake competitive research and 
development activities in the field of Hydrogen and fuel cell technologies. This paper will focus on the 
HySA Infrastructure CC, hosted by NWU and the CSIR [11,12]. 
1.2. Example of potential large-scale niche application of H2 and FC technology in SA mining industry 
Fuel Cells and associated H2 Infrastructure represent an exciting new market which could drive growth 
for platinum as well as spark significant new opportunities for SA. Benefits of developing H2
infrastructure and the fuel cell market in South Africa include the means of meeting increasing demand 
for energy, reduction of the carbon footprint, creation of a platform for beneficiation, the establishment of 
opportunities for job creation, and an increased demand for platinum group metals. Figure 1 shows a 
hybrid locomotive which was developed by Vehicle Projects, Inc, Golden, CO as prime contractor in 
collaboration with Trident South Africa and Battery Electrics, Inc. for Anglo American Platinum Limited. 
The locomotive is powered by Ballard PEM stacks and lithium-ion batteries. There are at least 4000 of 
these types of locomotives operating in the mining industry in South Africa.  
Fig. 1. PEM fuel-cell hybrid locomotive for underground operation in South Africa.  
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1.3. Scope of the DST Hydrogen Infrastructure competence centre 
The mission of the HySA Infrastructure CC is to deliver novel technologies for hydrogen production, 
storage and distribution infrastructure that meet the set cost targets, provide the best balance of safety, 
reliability, robustness, quality and functionality, and focus on local needs and export opportunities.  
To achieve these objectives of the Strategy the three Competence Centers implementing the HFCT 
Strategy will form a national network of research ‘hubs’ and ‘spokes’ and collaboration with institutions 
and partners from the R&D sector, Higher Education sector as well as Industry.  
The criteria used for selecting the preferred projects include alignment with the DST strategy and 
alignment with the business plans proposed by the other two CCs. Other criteria include early industrial 
interest and potential for commercial application, opportunity to leverage local technologies, synergy with 
international initiatives, opportunity for economic development, knowledge production and human 
resource development, synergy between projects and opportunity for spin-off technologies and local 
product, business and technology development.  
1.4. Key programs of the DST Centers of Competency in HFCT 
In Figure 2 the key programs and program responsibilities of the DST Centers of Competency are 
listed. HySA Catalysis CC is responsible for the portable power (PP) development and HySA Systems is 
responsible for the combined heat and power (CHP) program and for the hydrogen fuelled utility vehicles 
programs. HySA Infrastructure CC is responsible for the hydrogen fuelling and storage options program, 
hydrogen production from renewable energy as well as distribution, safety, codes and standards. There 
are other active projects across the HySA Infrastructure CC activities that are not discussed in this paper 
(e.g., SO2 electro-catalyst oxidation development, PGM recycling, etc).  
Program KP5 contains technology bundles for renewable hydrogen production. It will address the 
needs for small-scale fuel cell applications such as portable, small-scale power backup and household 
fuelling stations for individual mobility applications as well as medium scale H2 production. It will 
address the needs of medium-scale fuel cell applications for sustainable mobility, material handling, and 
power backup solutions. Program KP4 contain projects on hydrogen distribution, storage, safety, and 
codes and standards.  
In Figure 3 the key programs and projects of the HySA Infrastructure are schematically presented.  
2. Program status (selected projects) 
2.1. Electrolyser Integration with Renewable Energy Sources 
The integration of renewable energy sources with Hydrogen production through water electrolysis is 
done in a project structure with sound project management and a systems engineering approach. A first-
order systems approach simulation model was generated to obtain system and sub-system specifications 
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that was used for components sizing and to obtain insight into the use of the different renewable energy 
sources, in this case wind and solar energy using photovoltaic cells. A geographic location for such a 
system is used as input to ascertain the average annual availability (on a monthly basis) of solar radiation 
and wind, and the effect thereof on system component specifications (such as the size of backup batteries, 
electric components etc.) can be obtained from the model. A systems engineering approach is followed in 
all phases of the project.  
The specification was obtained after studying the end-user application, which determined the amount 
of Hydrogen required on a daily basis, allowing system components to be specified. At the same time, the 
location of the Hydrogen production system was specified to determine the availability in terms of 
renewable energy sources. All this information was used as input into the integrated software model 
resulting in a capacity requirement for the solar photovoltaic cells and wind turbine. The capacity of the 
backup battery bank for intermediate electricity storage was also determined by the model. First order 
unit component costs were calculated and component level specifications were allocated. The software 
model was used once again to determine the total system capital cost.  
A small scale hydrogen production system was designed by the HySA Infrastructure team at the 
Potchefstroom Campus of the North-West University, South Africa.  The system will be powered with 
electricity from a 6 kW photovoltaic array and consists of two 15 kWh lead-acid battery banks with 
charge controllers, a Proton S-10 PEM electrolyser and a hydrogen storage unit. Energy from the PV 
panels will be used to generate hydrogen, with the surplus energy being stored in the battery banks for use 
during shortfalls.   
The system will be used to study various control algorithms, system component configurations and to 
evaluate various power management strategies.  Solar energy is abundantly available in South Africa, 
with the main disadvantages being the source intermittency and high cost of energy conversion systems.  
With hydrogen as energy storage medium, this intermittency problem can to a certain extent be overcome. 
The aim of this project is to study and develop a low cost, locally manufactured hydrogen production 
system that will be robust and suitable for distributed small scale applications, like rural area cluster 
homes, hospitals or localized fueling stations [13].  Table 1 provides additional specification of the 
demonstration unit [14].  
Table 1. Gen 1 HySA Infrastructure hydrogen unit component information (Standard test conditions (STC) – 250 C, 1000 W/m2), 
[14] 
Component Quantity Rating (STC) Specified (STC) 
230 W PV modules 26 5980 kW 6 kW 
Inverter/MPPTy 1 6 kW 6 kW 
Charge controller 2 10 kW 6 kW 
Battery bank 2 30.72 kWh 30 kWh 
Electrolyser 1 570 g/24h 500 g/24h 
2.2. Program status (selected): PEM water electrolyser development  
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The high-level near-term goals of this project include the following:  
• The development of a small-scale and short stack SPE electrolyser testing/benchmarking 
hardware/capability. 
• The development of an SPE electrolyser for high current density performance (> 2 A/cm2 and cell 
voltage < 1.8 V) at 80 deg C at < 0.1 mg/cm2 total PGM loading.  
• The development of an electrolyser design/system capable of operating at high pressure (up to 700 
bar) 
• The development of mitigation strategies to improve electrolyser durability. 
• The development of specialised diagnostics tools and methods.  
• The support MEA development project. 
• Performing conformity analysis of PEM electrolyser technologies to allow operation of PEM 
electrolysers at the intermediate temperature ranges and conduct initial benchmarking tests to 
evaluate performance attributes. 
• Performing conformity analysis of PEM electrolyser technologies to allow operation of PEM 
electrolysers with ammonia-containing feed and conduct initial benchmarking tests to evaluate 
performance attributes by 2012/13. 
For example, the development of specialized diagnostics tools for electrolyser includes 
electrochemical impedance spectroscopy (EIS) and the current interrupt method (CI). A methodology for 
estimating the electrochemical parameters of a proton exchange membrane water electrolyzer (PEMWE) 
is under development. For CI method development, the aim is to estimate the electrochemical parameters 
of a PEMWE equivalent electrical-circuit (membrane resistance, charge transfer resistance, diffusion 
resistance and double-layer capacitance) by applying the CI method. The dynamic behavior (transient 
response) data of the PEMWE will be obtained by interrupting (switching) the power supply of the 
PEMWE at different frequencies. The electrochemical parameters will be calculated by applying 
frequency-domain analysis.  
The aim of the EIS project is to develop methods for characterising a PEM water electrolyser by 
electrochemical impedance spectroscopy (EIS) to form an equivalent electric circuit model. In one 
example, the electrolyser was operated at atmospheric pressure and various temperatures. A 5cm2 Pt/Pt 
MEA (4.5/3.5 mg Pt/cm2 loading on the anode and cathode) on a Nafion® 117 membrane and other types 
of commercial MEAs were investigated. Impedance data were collected at steady state conditions by 
applying a perturbation AC current with amplitude of 10% of the DC applied current. Equivalent circuit 
models were constructed using resistances, Warburg impedance and constant-phase elements. The ohmic 
resistance was found at high frequencies. The anode activation loss or charge transfer was higher than the 
cathode side because of the slow kinetics of the anodic water oxidation process. Preliminary data indicate 
that under the given MEA design the mass transfer resistance was observed at low frequencies. The 
breakdown of the losses was discussed. To verify the equivalent circuit a Levenberg-Marquardt fitting 
technique was used to fit the equivalent circuit to the experimental data [15,16].  
2.3. Program status (selected): SO2 electrolyser development 
The suitability of novel proton exchange membranes was tested for the electrochemical production of 
both hydrogen and sulfuric acid using a gas-fed SO2 depolarised electrolyser. Pure SO2 gas was used for 
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application in the Hybrid Sulfur process while diluted (10 – 90%) SO2 gas was used for use in 
desulfurization of flue gas streams. The performances of different Nafion® (Ion Power) and a PBI-based 
membrane electrode assembly (ZSW, Uhlm) was evaluated using polarization curves and sulfuric acid 
concentration produced by varying the cell temperature, cathode water pressure and membrane thickness. 
The effect of temperature on the voltage response showed increased efficiency for all MEAs tested. 
Increased cathode water pressure decreased the cell voltage and showed better voltage stability at high 
current density as a result. It is also shown that the concentration of SO2 gas influences the overall 
performance of the electrolyser. This study showed that the operating conditions which includes, 
membrane thickness, operating cell temperature, cathode water pressure and SO2 feed concentrations 
have a significant influence on the performance of the electrolyser and further work should be done to 
understand how the feed composition can be used to predict overall cell performance with regards to acid 
concentration produced. [17,18].   
2.4.  Program status (selected):Hydrogen storage 
A state of the art hydrogen storage laboratory is being established at the CSIR. This laboratory will 
enable the synthesis, characterization and performance testing of candidate hydrogen storage materials. 
Initially, materials of interest include carbon and other nano-structures and metal-organic frameworks 
(MOFs) for physisorption. A key focus, in line with the goals of HySA, is to develop storage materials 
utilizing the unique properties of PGMs to enhance storage capacity and to reduce charge and discharge 
times. Some equipment, such as porosity and a physi/chemisorption analyser and a pycnometer are 
already in place. Additional equipment for materials processing and synthesis, much of which will be 
housed in controlled atmospheres such as a glovebox, is on order. The following equipment will be used 
for characterizing and performance testing such as a Differential Scanning Calorimiter (DSC), a 
Thermogravimetric Analyser (TGA), and a dosing manometer. The purity of the “virgin” hydrogen and 
the hydrogen evolved from storage materials will be measured by using a Mass Spectrometer (MS). 
The hydrogen storage problem is one of the major challenges in the deployment of hydrogen-based 
energy systems. One of the promising methods of hydrogen storage includes physical adsorption 
(physisorption) of molecular hydrogen on the large surface of nanostructures. Such a storage system may 
operate at moderate temperature and pressure and provides high charging/discharging rates. Current 
carbon-based materials have relatively small binding energy to molecular hydrogen. In this project 
modification of carbon-based structures to improve hydrogen binding energy was suggested. One of the 
methods discussed is to obtain anionic aromatic rings (pure carbon and/or via the isoelectronic 
substitution of carbon atoms) stabilized with positive alkali or alkali-earth ions. The aromatic structures 
can provide frameworks with 1-2 nm sized interstitial free space. The anionic rings make the traps for the 
positive ions preventing them from moving across material and clustering. The ions fill the cavities with a 
strong and long range electrostatic potential. Hydrogen occupies the areas of higher local potential and in 
the compressed gaseous form at local pressure up to 1000 bar. Modeling of the adsorption isotherms in 
new systems described shows that both the gravimetric and the volumetric hydrogen storage capacity 
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would meet the required storage values (at least 6% of weight). This HySA Infrastructure project is 
executed based on the Hub-and-Spoke model in collaboration with the University of Stellenbosch [19].  
2.5. Program status (selected): NH3 cracker for hydrogen production 
The thermo-catalytic decomposition of ammonia (NH3) has been identified as an attractive means to 
produce CO-free hydrogen for polymer electrolyte membrane (PEM) fuel cell applications. However, the 
main challenge has been to develop a low cost, high activity catalyst for incorporation into a suitable 
compact reformer that is capable to decompose the NH3 at a rate that satisfy hydrogen flow requirements 
and other system performance criteria at low temperatures. In numerous NH3 decomposition studies, 
alumina has been used as a support because it is generally resistant to most extreme conditions prevalent 
in industrial applications. Yet, the catalytic and physicochemical properties on the alumina support are 
not always satisfactory. The high Lewis acidity of alumina is contrary to the requirement of a basic 
support for NH3 decomposition. Mixed oxides have emerged as a new class of support materials that can 
be used to reduce the support acidity.  In project, the incorporation of a selected oxide support onto the 
matrix of a PGM-containing catalyst as well as a discussion on the reactor design choice (e.g., micro-
channel reactor) is addressed. The primarily focus of the project is on the hydrogen supply for portable 
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Fig. 2. Current key programs of the DST Centers of Competency in the HFTC 
3. Conclusions 
The RSA Hydrogen strategy focuses primarily on maximizing participation in PGM beneficiation, 
while at the same time fulfilling other important objectives, such as environmental and other 
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developmental imperatives. The DST strategy and established structures are executed through the DST 
HySA programme. The three HySA CC’s are established, with a core staff compliment, and Directors 
with recognized experience have been appointed. After the initial establishment of these structures and 
the approval of business plans, these CC’s are accelerating and scaling up activities as outlined in their 
business plans. Next steps will include an opportunity to form public-private partnerships (PPP) with 
industry and collaborative research and development with local and international partners.  
Fig. 3. Key programs and projects of the HySA Infrastructure.  
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Nomenclature 
CSIR:  Council for Scientific and Industrial Research 
CC:  Competency Centre 
CI:  Current interrupt 
DST:  Department of Science and Technology 
EIS:  Electrochemical Impedance Spectrscopy 
FC:  Fuel Cell 
HFC:  Hydrogen and Fuel Cell 
HFCT:   Hydrogen and Fuel Cells Technology 
HySA : Hydrogen South Africa 
NWU:  North-West University 
PEM:  Proton-Exchange Membrane  
PEMWE: Proton-Exchange Membrane water electrolyser 
PGM:  Platinum Group Metals 
